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Abstract 
A new lab type dryer, which consists of an electric air heater and a drying chamber, was fabricated and used for 
drying the agricultural products. The present lab type dryer system was successfully tested using Radish, Bitter 
Gourd, and also compared with open sun drying. The different parameters were noted and also graphs were plotted 
between various parameters which shows that the efficiency of the lab type dryer. Compared to open sun drying the 
lab type dryer prevented mass losses and provided better product quality.  
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1. INTRODUCTION 
Drying has remained one of the popular methods for 
preserving food for many years. The drying process 
involves reducing water from the product to an 
acceptable level for marketing, storage, or 
processing. Given the absence of sufficient water, 
microorganisms are unable to grow and multiply. 
Many of the enzymes that cause food spoilage cannot 
function without water. The old method of food 
drying is executed by spreading the food material on 
the ground and exposing the food to sunlight. This 
method is practiced until today for certain products 
because of the advantages of simplicity and 
economy. However, open sun drying has some 
drawbacks. Open sun drying requires longer drying 
time and product quality is difficult to control 
because of inadequate drying, high moisture, fungal 
growth, and encroachment of insects, birds and  
 
rodents and others. Open sun drying also requires a 
large space. Drying is usually conducted by 
vaporizing water in the product. Thus, the latent heat 
of vaporization must be supplied. Airflow is also 
required to remove the vapor away from the product. 
The lower the humidity of hot air supplied to the 
drying chamber is, the better the drying rate, as the 
less humid air can carry more moisture from the 
product surface than the more humid air. Generally, 
increasing the temperature and velocity shortens the 
drying time. However, for heat-sensitive products, 
such as food and pharmaceutical products, high 
temperature and humidity is required to maintain the 
fresh color of the product using the desiccant system 
air drying of food can be accomplished by using the 
mechanical dryer, solar dryer or in direct sunlight. In 
the mechanical dryer, temperature and air velocity 
could be controlled as compared to sun drying. This 
leads to higher production rates and high quality 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 11                                                                                                                            Pages: 7 – 13  
____________________________________________________________________________________ 
 
 
Siva.R, Balusamy.T, Baskar.R                                              IJRIET | April 2015, Available @ http://www.ijriet.com                                                                 
______________________________________________________________________________Page:8 
 
products due to shorter drying time and the reduction 
of the risk of insect infestation and microbial 
spoilage. Since mechanical drying is not dependent 
on sunlight, drying can be performed whenever 
necessary. Traditional sun drying takes place by 
exposing the product under direct sunlight with 
consequent loss in product quality due to radiation, 
dust, animal, insects, microbes etc. (Karathanos and 
Belessiotis, 1995). Various forms of sun drying, 
however, have the advantages of small or negligible 
installation and energy costs, though the running cost 
is high (as sun drying being a slow process due to 
climatic variation, is a labor intensive operation). In 
order to obtain good quality product an alternative to 
sun drying is solar drying or combined solar and 
mechanical drying utilizing renewable energy as 
much as possible. (Njie and Rumsey, 1997) pointed 
out that the drying is most significantly affected by 
the temperature followed by air velocity and radiation 
when sample thickness is constant. Some dryers are 
coupled to the solar collector to increase inlet 
temperature and consequently reduce relative 
humidity (Selkuc et al., 1974 and Eissen et al., 1985). 
The overall objectives of the research work were (1) 
To construct a combined solar and mechanical 
cabinet dryer; (2) To evaluate the performance of 
thickness is constant. Some dryers are coupled to the  
solar collector to increase inlet temperature and 
consequently reduce relative humidity (Selkuc et al., 
1974 and Eissen et al., 1985). The overall objectives 
of the research work were (1) To construct a 
combined solar and mechanical dryer; (2) To 
evaluate the performance of the dryer and (3) Drying 
of agro product with the constructed dryer. 
1.1 Description of dryer 
During mechanical drying, the electric heater 
attached with blower was used. There were several 
arrangements of heater and blower, this various 
arrangement provides various temperature with the 
variation in upper shelf and lower shelf temperature. 
And for solar drying, the surrounding air comes into 
the air heating chamber and becomes hot as it collects 
heat from black collector as well as from direct 
sunlight. The heated air passes through the duct as a 
result of density variation. For the combined mode, 
both the open sun drying and mechanical 
arrangement runs together, providing heated air for 
air drying.   
1.2 Drying of agro product  
For both the open sun drying and mechanical drying, 
the agro product slices of 5mm thickness were placed 
on each shelf in single layer and hot air passed 
through the shelf and the product was dried for 11 
consecutive hours. The weight of slices was noted at 
a regular interval of ½ hour and from the known 
initial moisture content, moisture content at any time 
interval was calculated. To investigate the  influence 
of temperature on the drying rate at constant air 
velocity, sample with constant thickness was dried at 
variable temperature using various blower-heater 
combinations.   
2. DRYING ANALYSIS 
2.1 Moisture content 
The percentage moisture content was determined by 
using the following formula,  
 
Where, Mi is the mass of the  sample before drying 
and Md is the mass of the sample after drying.  
2.2 Drying rate 
The drying rate of the sample during the drying 
period was determined as follows,   
where, t is the time interval of drying readings   
2.3 Drying efficiency 
The amount of heat required to evaporate the 
moisture in the product is called as drying efficiency. 
Total heat in case of solar dryer is the availability of 
solar radiation on the collector surface of the dryer. 
This drying efficiency was calculated by the  
equation,                     
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Where, W= moisture evaporated (kg), ⧍𝐻𝑙 = Latent 
heat of vaporization of water, 2320 (kJ/kg), Ic= Total 
hourly isolation upon collector, (Wm²), Ac= Area of 
collector (m²) 
3. MATERIALS AND METHODS 
3.1. Material   
The experiment was conducted on the effect of 
drying on the storage and dried quality of vegetables. 
The fresh vegetables were collected from local 
market during Feb-March. 
Table: 1 Selection of product 
The average dimensions of fruit, vegetable were 60-
80 mm long and 15- 20 mm average diameter, dark 
green colored vegetable was selected for the study.  
The vegetable was thoroughly washed and sliced into 
5 mm thickness using sharp sterilized knife.   
3.2 Experimental set up   
  
Table: 2 Instrument specification 
The experimental set up is used for determining the 
influence of various drying behavior of agro product.  
The laboratory scale batch type hot air dryer is used 
and dryer used in the present, which is modified in 
form of vents for natural air flow in the dryer and 
also a platform is constructed.  
 
 
Figure: 1 Experimental setup 
3.3 Method           
The slices were then weighed exactly 500 grams for 
each treatment. These were kept for drying in three 
replications. The hot air drying was carried by drying 
the samples at 50 air temperatures and a constant air 
velocity of 2 m/s. For sun drying the weighed agro 
product slices was taken in paper plates and kept on 
the open floor on the top of the terrace. For solar 
drying the weighed product slices were taken in 
paper plates and kept inside the solar dryer platform. 
The hot air drying was carried out by keeping the 
weighed slices in steel plates. Observations on the 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 11                                                                                                                            Pages: 7 – 13  
____________________________________________________________________________________ 
 
 
Siva.R, Balusamy.T, Baskar.R                                              IJRIET | April 2015, Available @ http://www.ijriet.com                                                                 
_____________________________________________________________________________Page:10 
 
physiological loss in weight and color change in each 
sample were recorded at a particular interval in sun 
drying  for 1 hour and 1 hour in solar drying and 10-
20 minutes for hot air drying. The change in color of 
slices was observed for further analysis. The texture 
of the end product was also tested by breaking the 
dried slices and the produce was categorized into 
different grades. Temperature and relative humidity 
in the open sun drying and solar drying was recorded 
throughout the drying period using a Hygro - 
thermometer. The hot air drying experiments were 
conducted at 40, 50 and 60 air temperatures and a 
constant air velocity of 2 m/s. In each experiment, 
about 500 grams of samples were used. Moisture 
losses of the samples were recorded at 10 min 
intervals for first one hour and 20 min subsequently 
thereafter for determination of drying curves. The 
open sun and solar drying experiments were carried 
out during the periods of February-March under the 
clean climatic conditions of Vidarbha. Each 
experiment started at 8:00 am and continued till 6:00 
pm. To determine the moisture loss of drying samples 
during experiments, samples were taken out of the 
solar dryer and weighed at various time intervals, 
ranging from 30 min at the beginning of the drying to 
1hr during the last stage of the process. The moisture 
loss of samples was determined with the help of a 
digital electronic balance having an accuracy of 0.01 
g. These were again spread in the dryer in the next 
morning and the drying process was continued until 
no further changes in their mass were observed. Also, 
to compare the performance of the solar dryer with 
that of open sun drying, both samples were dried 
simultaneously under the same weather conditions. 
4. RESULTS AND DISCUSSIONS 
The effect of different drying methods on drying 
time, color and texture of the agro product slices 
were determined. The result shown that there was a 
general decline in moisture content of the sample 
from 500 grams to 50 grams in all methods of drying.           
 
                        Figure: 2 Product of Radish 
 
Figure: 3 Time vs Weight of the product 
 
Figure: 4 Time vs Different temperature 
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Figure: 5 Time vs Moisture content 
 
            Figure: 6 Time vs Relative humidity 
Hot air drying of radish the moisture content versus 
drying time curves as affected by various air 
temperatures are shown in Fig. 2. The samples of 
average initial mass of around 500 grams were dried 
to the final mass of about 32 grams until no further 
changes in their mass were observed. It is evident 
from these curves that the moisture content decreases 
continuously with the drying time. As expected, the 
air temperature had a significant effect on the 
moisture content of samples. Solar drying of radish. 
  
 
Figure: 7 Final product of bitter gourd 
 
Figure: 8 Time vs Weight of the bitter gourd 
 
Figure: 9 Time vs Different temperature 
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Figure: 10 Time vs Relative humidity 
 
 
Figure: 11 Time vs Moisture content 
This clearly indicates that the drying rate in the solar 
drying would be higher than open sun drying. Fig. 2 
suggests drying curves for okra dried by solar dryer 
and open sun drying methods. Whereas the drying is 
smooth and controlled by temperature variation using 
a hot air dryer. Drying rate goes on decreasing with a 
decrease in moisture content as shown in Fig. 5. And 
it appears to be smooth and controlled in a hot air 
dryer than in open sun and solar dryer Further the 
observations were also recorded on change in color 
of the dried product. The change of color from green 
to light green was observed with solar drying. The 
change of color in a hot air dryer at 90 air 
temperature was brownish and dark brown 
respectively. Whereas the color was found to be 
better (green) at 40 air temperature in a hot air dryer. 
 
 
5. CONCLUSION 
The two drying methods used greatly affected the 
drying characteristics agro product. The lab type 
dryer was found to be more efficient than the open 
sun drying. In addition, the samples of lab type dryer 
were completely protected from insects, birds, rain 
and dusts. The commonly consumed vegetables were 
dried under conventional drying, sun drying and open 
sun drying. The drying characteristic and time 
required for drying of product was studied and final 
dry weight of the vegetable slices were estimated. It 
was found that product samples, dried by hot air 
drying were reported to take minimum time for 
drying with maximum removal of moisture.  The 
initial first hour of hot air drying and sun drying and 
initial 6 hours under the open sun drying resulted in 
maximum removal of moisture from agro product. 
The vegetables slices dried in a hot air dryer at 50 
gives better results in maintaining better appearance, 
color and texture. 
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